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METHOD AND SYSTEM FOR POWER
CONTROL IN WIRELESS PORTABLE

DEVICES USING WIRELESS CHANNEL
CHARACTERISTICS

TECHNICAL FIELD

The present mvention relates generally to wireless sys-

tems, and more specifically to reducing the power consumed
by portable devices 1n wireless systems.

BACKGROUND OF THE INVENTION

Wireless communications networks are commonplace
today as a wide variety of appliances or portable wireless
devices, such as audio and video media players and personal
digital assistants, are being developed to provide users with
content via wireless communications channels. A typical
portable wireless device includes a processor for executing,
specific software and performing required tasks, memory for
storing programs and data, a display for conveying infor-
mation to a user, a keypad or other type of mput device to
allow a user to mput data, and a wireless interface for
communicating over a wireless communications channel to
other devices 1n the network. Because a portable wireless
device 1s typically battery powered, the power consumption
of the components 1 the device 1s 1deally minimized to
extend the life of the batteries.

While all components in a portable wireless device con-
sume power, the wireless interface 1s 1n many instances the
component that consumes the largest portion of the overall
power. As a result, lowering the power consumption of the
wireless interface will significantly lower the overall power
consumption of the portable wireless device. A variety of
different approaches have been utilized to lower the power
consumption of the wireless interface. These approaches
generally involve turning ofl the wireless interface based
upon the information being communicated over the wireless
communications channel. For example, one approach 1s to
temporarily turn ofl the operation of the mterface whenever
a receive buller 1n the portable wireless device 1s full. The
rationale of this approach i1s that since the portable device
cannot receive and store any more incoming message pack-
ets being communicated over the wireless communications
channel, the interface 1s temporarily placed 1n a sleep mode
to conserve power until the device can once again receive
and store more 1ncoming packets. A performance penalty 1s
experienced with this approach, however, due to the
increased time required to communicate the required mes-
sage packets to the device. This increased time 1s caused by
the periods of time during which the interface 1s placed in
the sleep mode and unable to receive and store any packets
being communicated.

Another approach 1s to determine whether message pack-
ets to be communicated over the channel are directed to a
particular portable device. When they are not, the wireless
interface 1s placed in the sleep mode to save power. This
approach may not, however, result in much power savings 1n
networks where broadcast message packets are transmitted
by a device in the network. A broadcast message 1s a
message that 1s intended to be received and processed by all
portable wireless devices proximate the transmitting device.
Broadcast messages can significantly reduce the opportuni-
ties for a given portable wireless device to place its wireless
interface mto the sleep mode, reducing the power savings
that may be realized using this approach.
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2

There 1s a need for lowering the power consumption of
portable wireless devices without adversely aflecting the
performance of the communications channel used to com-
municate with the device.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a
method controls the operation of devices which communi-
cate over a wireless communications channel. The method
includes determining a parameter of a recerved signal com-
municated over the wireless communications channel and
determining a minimum threshold value of the received
signal. An average duration of fade 1s determined using the
parameter and the minimum threshold. The method detects
whether the received signal 1s less than the minimum
threshold value. At least one of the devices 1s placed 1n a
sleep mode for approximately the average duration of fade
in response to the received signal being detected as less than
the minimum threshold value. The determined parameter of
the received signal may be the root mean square value of the
received signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram of a wireless network
including a portable wireless device having reduced power
consumption by disabling selected components as a function
ol the characteristics of a wireless communications channel
according to one embodiment of the present invention.

FIG. 2 1s a graph showing a sample Rayleigh fading
envelope of a Rayleigh fading signal received by the por-
table wireless device of FIG. 1.

FIG. 3 1s a flow chart illustrating a power-reduction
process executed by a power control component in the
server system of FIG. 1 according to one embodiment of the
present 1nvention.

(L]
Y

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

FIG. 1 1s a functional block diagram of a wireless network
100 including a portable wireless device 102 having reduced
power consumption due to the operation of a power control
component 104 according to one embodiment of the present
invention. In operation, the power control component 104
disables selected components in the portable wireless device
102 as a function of the characteristics of a received signal
r(t) received on a wireless communications channel 106, as
will be explained in more detail below. In this way, the
power control component 104 reduces the power consump-
tion of the portable wireless device 102 by preventing the
operation of certain components in the device during times
when the quality of performance of the channel 106 1s below
an acceptable level.

In the following description, certain details are set forth 1n
conjunction with the described embodiments of the present
invention to provide a suflicient understanding of the inven-
tion. One skilled 1n the art will appreciate, however, that the
invention may be practiced without these particular details.
Furthermore, one skilled in the art will appreciate that the
example embodiments described below do not limit the
scope of the present mnvention, and will also understand that
various modifications, equivalents, and combinations of the
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disclosed embodiments and components of such embodi-
ments are within the scope of the present invention. Embodi-
ments including fewer than all the components of any of the
respective described embodiments may also be within the
scope ol the present invention although not expressly
described in detail below. Finally, the operation of well
known components and/or processes has not been shown or
described 1n detail below to avoid unnecessarily obscuring
the present imvention.

The portable wireless device 102 includes a wireless
interface 108 that communicates with a server system 110
over the wireless communications channel 106. The power
control component 104 1s contained in the server system
110, which typically corresponds to a stationary access point
or other network device in the wireless network 100.
Although the wireless network 100 has a client-server
architecture with the portable wireless device 102 corre-
sponding to a client system, the wireless network may have
different architectures 1 other embodiments of the present
invention. The server system 110 provides the portable
wireless device 102 access to a network 111 such as the
Internet via the communications channel 106.

The wireless interface 108 demodulates and decodes
received signals from the server system 110 and provides
corresponding data to a processor 112, which executes
software to process the data and to perform desired calcu-
lations or tasks. The wireless interface 108 also encodes and
modulates data received from the processor 112, and com-
municates the data over the wireless communications link
106 to the server system 110. A memory 114 stores programs
executed by the processor 112 and also stores associated
data. A user input device 116, such as a keypad, 1s coupled
to the processor 112 and allows a user of the portable
wireless device 102 to provide mput to the device. A user
output device 118, which may be a visual display and/or a
speaker, 1s coupled to the processor 112 and provides output
to a user of the device 102.

In operation, the power control component 104 monitors
the recerved signal r(t) from the wireless interface 108 1n the
portable wireless device 102 and executes a power-reduction
process to selectively activate and deactivate the wireless
interface as a function of the received signal, thereby low-
ering the power consumption of the portable wireless
device. More specifically, the power control component 104
monitors the received signal r(t) to detect “fading™ of the
received signal. The term fading refers to random fluctua-
tions of the amplitude and phase of the received signal r(t)
due to vanations in the operational characteristics of the
wireless communications channel 106. These variations in
operational characteristics are caused by signals propagating
over the wireless communications channel 106 between the
portable wireless device 102 and the server system 110
traveling over multiple reflective paths, which 1s a phenom-
enon referred to as multiple path propagation. Also note that
fading of signals communicated over the channel 106 occurs
for signals propagating in both directions, namely from
device 102 to server system 110 and from server system to
device. The terms fading, fade, and “fade condition” may be
used interchangeably 1n the present description.

When the power control component 104 detects fading of
the received signal r(t), the component communicates a
power-down command to the wireless interface 108 via the
channel 106. In response to the power-down command, the
wireless interface 108 i1s turned off or deactivated for an
anticipated duration of the fading. This reduces the power
consumption of the device 102 since the wireless 1nterface
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4

108 1s not operating during fading while the quality of
performance of the channel 106 1s below an acceptable level.
If the wireless interface 108 was attempting to communicate
data via the wireless channel 106 during such a fade, this
information may need to be communicated again because of
the msuilicient quality of performance of the channel. After
the anticipated duration of the fade has lapsed, the power
control component 104 communicates a power-up command
via the channel 106 to the wireless interface 108. In response
to the power-up command, the wireless interface 108 1s
turned on or activated and resumes normal operation of
communicating signals over the wireless channel 106. In
one embodiment, the anticipated duration of a fade 1s given
by a statistically determined average duration of fade for the
wireless channel 106, as will be discussed 1n more detail
below.

Belore describing in more the detail the power-reduction
process executed by the power control component 104, the
characteristics and model used for the wireless communi-
cations channel 106 will first be described. As will be
understood by those skilled in the art, in the study of
communications systems a communications channel 1s mod-
cled or characterized to describe the properties of signals
propagating over the channel, such as the attenuation of the
power of a transmitted signal versus distance from an
antenna generating that signal. For example, a communica-
tions channel may be modeled as an 1deal free space channel
where the region between a transmitting antenna and a
receiving antenna 1s assumed to be free of any objects that
might absorb or retlect electromagnetic signals propagating
over the channel, including the atmosphere and the earth.

This assumption for an ideal free space channel 1s 1nad-
equate to accurately model most practical communications
channels, like the wireless communications channel 106.
Instead, as previously mentioned, signals propagating over
the wireless communications channel 106 can travel
between the portable wireless device 102 and the server
system 110 over multiple reflective paths, which results 1n
fading of the recerved signal r(t). Fading may be character-
1zed as being of different types, with each type being defined
by the event causing the fading. One type of fading 1n the
wireless communications channel 106 1s caused by rela-
tively small changes in the spatial separation between the
portable wireless device 102 and the server system 110,
where these changes may be as small as one half the
wavelength A of the recerved signal. This type of fading 1s
known as “‘small-scale” or “Rayleigh” fading because the
amplitude envelope of the received signal 1s statistically
described by a Rayleigh probability density function (pdi).
A communication channel 1s characterized by Rayleigh
fading if there are a large number of multiple retlective paths
and there 1s no line-of-sight or direct propagation path
between receiving and transmitting antennas. The wireless
communications channel 106 1s assumed to be characterized
by Rayleigh fading in the present description. In addition to
fading, relative motion between the portable wireless device
102 and server system 110 results 1n a Doppler frequency

shift of signals commumnicated over the channel 106, as will
be understood by those skilled in the art.

FIG. 2 1s a graph showing a sample Rayleigh fading
envelope of the received signal r(t) recerved by the server
system 110. The graph shows the eflects of Rayleigh fading
on the amplitude of the recerved signal r(t) as a function of
time. The amplitude of the signal r(t) 1s shown on the vertical
axis as a decibel (dB) value about a root-mean-square (rms)
value of the signal, and time 1s shown on the horizontal axis.




Us 7,190,980 B2

S

When the received signal r(t) 1s described as being below a
specified value or threshold in the present description, this 1s
referring to the amplitude of the received signal being below
the specified value or threshold, as will be appreciated by
those skilled 1n the art.

The power control component 104 utilizes a number of
values 1n executing the previously mentioned power-reduc-
tion process, and formulas for these values will now be
derived before describing the overall process in more detail.
The received signal r(t) has an expected level crossing rate
that 1s defined as the expected rate a which a Rayleigh fading
envelope of the signal, normalized to a local root-mean-
square (rms) level, crosses a specified level R 1n the positive
going direction. The positive going direction of the received
signal r(t) means the slope the time derivative r of the signal
r 1s positive when the signal crosses the level R. IT p(R, 1)
1s the joint density function of r and 1 evaluated at =R, 1
1s the maximum Doppler frequency of the signal r, and p 1s
the normalized local rms amplitude RMS of the Rayleigh
tading envelope of the received signal r(t), then the number
of level crossings per second N, 1s given by

Ng = fmf‘p(ﬁ, Pdi = \@fmpf_faz_ (1)
0

Now that the number of level crossing N, has been
determined, the average duration of a fade in the wireless
communications channel 106 may be determined. The aver-
age duration of fade T is defined as the average time period
tor which the received signal r(t) 1s below the specified level
R, which indicates how long a “bad fade” can be expected
to last. A bad fade 1s thus a fade where the received signal
r(t) 1s below the specified level R, and indicates a condition
where the required quality of performance of the channel
106 cannot be ensured. The average duration of fade T is
given by

1 (2)

where Pr[r=R] 1s the probability that the Rayleigh fading
signal r(t) 1s below the specified level R. This probability 1s
given by

Pr|r = R| = %Z T, )

where T, 1s the duration of the tade and T 1s the observation
interval of the fading signal r(t). Since the received signal
r(t) satisfies a Rayleigh probability distribution p(r) accord-
ing to the assumed characteristics of the channel 106, the
probability that the Rayleigh fading signal 1s below the
specified level R 1s given by

fﬁf i (4)
Prlr = R| = p(rydr—1—exp(—p°).
0
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6

From equations (1), (2), and (3), the average duration of
fade T as a function p and f is given by

exp(p®) — 1 (9)

ofuN27

T =

FIG. 3 1s a flow chart illustrating 1n more detail the
power-reduction process executed by the power control
component 104 of FIG. 1 for detecting a fade condition 1n
the wireless communications channel 106 and selectively
activating and deactivating the wireless interface 108 for an
expected duration of the fade condition according to one
embodiment of the present mnvention. The process starts 1n
step 300 and proceeds immediately to step 302 where the
received signal r(t) 1s sampled at a suflicient rate, which 1s
dependent on the frequency of the signal r(t). Using the
samples of the signal r(t), the process goes to step 304 and
initializes the power control component 104 (FIG. 1) by
determining an rms value of the signal r(t), which 1s desig-
nated RMS. The process 1s executed frequently enough to
ensure that a new RMS value for the recerved signal r(t) 1s
computed without the portable wireless device having
moved too far from its location during the prior initializa-
tion. The frequency of the process must not be so high,
however, that all samples of the received signal r(t) occur
within a given fade, or else an accurate RMS value of the
received signal will not be determined.

After the RMS value of the received signal r(t) has been
determined 1n step 304, the process goes to step 306 and
determines a mimmum threshold RMIN below which the
received signal r(t) cannot drop to maintain a required
quality of performance of the wireless communications
channel 106. As will be understood by those skilled 1n the
art, the quality of performance of the communications
channel 106 1s characterized by a signal-to-noise ratio
(SNR) and a corresponding bit error rate (BER), with the
SNR being selected to achieve a desired BER of the channel.
The desired BER determines the required SNR which, 1n
turn, determines the value of RMIN. When the amplitude of
the received signal r(t) drops below the threshold RMIN, the
wireless interface 108 (FIG. 1) should be deactivated since
the SNR of the received signal 1s lower than required to
maintain the specified BER.

Once the value of RMIN has been determined, the process
goes to step 308 an uses equation (5) to calculate the average
duration of fade T. In equation (5), p 1s the normalized local
rms amplitude RMS of the Rayleigh fading envelope of the
received signal r(t) and 1s given by RMS/RMIN. From step
308 the process goes to step 310 and sets a flag R, , - to a
value equal to the threshold RMIN plus a margin value 0.
The margin value o 1s simply a small value added to the
threshold RMIN to indicate that the received signal r(t) 1s
approaching the threshold.

After the value of the tlag R, , - 1s set in step 310, the
process goes to step 312 and determines whether the
recetved signal r(t) 1s less than the tlag R, , .. When the
determination 1s negative, the process goes to step 314 and
determines 1f 1t 1s time to 1nmitialize the process once again.
If this determination 1s positive, the process goes back to
step 302 and the recerved signal r(t) 1s again sampled. If step
314 determines it 1s not time to initialize the process, the
process goes back to step 312 and again determines whether
the recerved signal r(t) 1s less than the flag R, ..

When step 312 determines the recerved signal r(t) 1s less
than the flag R, ,.;, the process goes to step 316 and the
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power control component 104 communicates a standby
command over the channel 106 to place the portable wire-
less device 104 1nto a standby mode of operation. In the
standby mode certain data 1s saved and other operations may
be performed 1n anticipation of the portable wireless device
104 entering a sleep mode of operation. From step 316, the
process goes to step 318 and determines whether the
received signal r(t) 1s less than the threshold RMIN. When
this determination is positive, the process goes to step 320
and the power control component 104 communicates a sleep
command over the channel 106 to the portable wireless
device 102. In response to the sleep command, the wireless
interface 108 1s deactivated to place the wireless device 102
into the sleep mode of operation. In the sleep mode, the
wireless mterface 108 does not communicate signals and has
reduced power consumption. Other components in the por-
table wireless device 102 may also be deactivated respon-
sive to the sleep command to further lower the power
consumption of the device during the sleep mode. Note that
in this embodiment of the power-reduction process, the
standby and sleep commands collectively correspond to the
power-down command described with reference to the wire-
less network 100 of FIG. 1.

From step 320, the process goes to step 322 and deter-
mines whether the average duration of fade T has elapsed.
When this determination 1s positive, the power control
component 104 communicates the power-up command over
the channel 106 to the portable wireless device 102. In
response to the power-up command, the wireless interface
108 resumes communicating signals to the server system
110 over the channel 106. Returning step 318, 1f the received
signal r(t) 1s not less than the threshold RMIN, the process
goes back to step 314.

The power-reduction process of FIG. 3 determines when
the recerved signal r(t) 1s about experience a fade condition,
meaning that the recerved signal will drop below the thresh-
old RMIN. When a fade condition 1s detected, the wireless
interface 108 and possibly other components 1n the portable
wireless device 102 are deactivated to place the device into
the sleep mode of operation and thereby lower the power
consumption of the device. In this way, the portable wireless
device 102 does not operate to communicate over the
wireless communications channel 106 during periods when
the quality of performance of the channel 1s below an
acceptable level. This lowers the power consumption of the
device 102 during this time and thus the overall power
consumption of the device. The portable wireless device 102
operates 1n the sleep mode for the approximately the calcu-
lated average duration of fade T, and once this time has
lapsed the wireless interface 108 1s activated and the device
enters the normal operating mode and begins communicat-
ing over the wireless commumnications channel 106. In this
embodiment of the power-reduction process, the time to
communicate the standby and sleep commands from the
power control component 104 1n the server system 110 1s
suiliciently less than the average duration of fade of the
channel 106.

The described embodiments of the power-reduction pro-
cess and the portable wireless device 102 of FIG. 1 have the
power control component 104 controlling only the wireless
interface 108. In other embodiments, the power control
component 104 controls additional or different components
in the portable wireless device 102 upon detecting a fade
condition. One skilled 1in the art will appreciate that the
power control component may be formed from suitable
analog or digital circuitry, or both, and also could be formed
from suitable software executing on the processor 112.
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Similarly, the components 108 and 112-118 may be formed
from suitable analog and/or digital circuitry, and, where
appropriated, may be formed in soitware. The portable
wireless device 102 may also include more, fewer, or
different components depending on the designed function-
ality of the device. Moreover, the functions performed by
cach of the components 108, and 112-118 in the portable
wireless device 102 may be combined or divided differently
among components contained in the device. For example,
the wireless 1nterface 108 can include circuitry to process
the recerved standby, sleep, and power-up commands, or the
processor 112 could execute solftware to process these
commands. Similarly, the user input and output devices 116
and 118 could be combined 1nto a single device such as a
touch screen. One skilled in the art will understand suitable
circuitry and/or soitware for forming the components 104,
108, and 112-118. The wireless communications channel
106 may be any suitable type of wireless channel, such as a
wireless local area network (WLAN) channel using suitable
ones of the 802.11 family of Institute of Electrical and
Electronics Engineers (IEEE) specifications.

In another embodiment of the wireless network 100 of
FIG. 1, the portable wireless device 102 also includes a
power control component that operates 1n a manner analo-
gous to the component 104 1n the server system 110 to detect
a fade condition and place the portable wireless device 102
into the sleep mode of operation. In further embodiment, the
power control component 104 i1s contained in the portable
wireless device 102 instead of the server system 110, and
operates 1n an analogous way to detect a fade condition and
place the device 102 into the sleep mode. In still another
embodiment, the power control component 104 could com-
municate a value for the average duration of fade to the
portable wireless device 102 via the channel 106. When a
fade condition 1s detected, the wireless device 102 would
enter the sleep mode responsive to the sleep command just
as previously described, but would thereafter determine
when the average duration of fade time had lapsed and enter
the normal mode automatically after this time without the
need for the power control component 104 in the server
system 110 to transmit the power-up command.

One skilled 1n the art will understood that even though
various embodiments and advantages of the present inven-
tion have been set forth in the foregoing description, the
above disclosure 1s illustrative only, and changes may be
made 1n detail, and yet remain within the broad principles of
the invention. Therefore, the present invention 1s to be
limited only by the appended claims.

What 1s claimed 1s:

1. A method of controlling the operation of devices which
communicate over a wireless communications channel, the
method comprising:

determining a parameter of a received signal communi-

cated over the wireless communications channel;

determining a minimum threshold value of the received
signal;

determining an average duration of fade using the param-
eter and the minimum threshold value;

detecting whether the received signal i1s less than the
minimum threshold value;

placing at least one of the devices 1n a sleep mode for
approximately the average duration of fade 1n response
to the received signal being detected as less than the
minimum threshold value;

setting a tlag value that 1s equal to the minimum threshold
value plus a margin value;




Us 7,190,980 B2

9

detecting whether the received signal 1s less than the flag
value; and
placing at least one of the devices 1n a standby mode 1n
response to the received signal being detected as less
than the flap value.
2. The method of claim 1 wherein determining a param-
eter of a recerved signal comprises determining a root mean
square value of the received signal.

3. The method of claim 2 wherein the average duration of
fade 1s given by the following formula:

exp(p”) - 1

pfaN2m

T =

where 1 1s the maximum Doppler frequency of the
received signal, and p 1s the normalized local rms
amplitude of a Rayleigh fading envelope of the
received signal.

4. The method of claim 1 further comprising placing the
at least one device 1n a normal mode of operation approxi-
mately the average duration of fade after the portable
wireless device 1s paced 1n the sleep mode.

5. The method of claiam 1 wherein the devices that
communicate over the wireless communications channel
comprise a portable wireless device and a server system, and
wherein the received signal comprises a signal transmitted
by the portable wireless device and received byte server
system.

6. The method of claim 5 wherein placing at least one of
the devices 1n a sleep mode for the average duration of fade
COmMprises:

communicating a sleep mode command from the sewer

system to the portable wireless device in response to
the received signal being detected as less than the
minimum threshold value;

placing the portable wireless device 1n the sleep mode for

approximately the average duration of fade responsive
to the sleep mode command; and

placing the server system 1n the sleep mode for approxi-

mately the average duration of fade in response to the
received signal being detected as less than the mini-
mum threshold value.

7. The method of claim 6 further comprising communi-
cating a wake-up command from the sewer system to the
portable wireless device approximately after the average
duration of fade.

8. The method of claiam 1 wherein the devices that
communicate over the wireless communications channel
comprise a portable wireless device and a server system, and
wherein the received signal comprises a signal transmitted
by the server system and received by the portable wireless
device.

9. A method of controlling operation of portable wireless
device that communicates over a wireless communications
channel:

sampling a received signal communicated over the wire-
less communications channel;

determining a root-mean-square value of the recerved
signal from the samples;

determining a minimum threshold of the received signal;

determining an average duration of fade using the rms
value and the minimum threshold;

setting a flag value equal to the minimum threshold plus
a margin value;
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detecting whether the received signal 1s less than the tlag
value;

communicating a standby command over the wireless
communications channel;

placing the portable wireless device 1n a standby mode
responsive to the standby command;

detecting whether the received signal 1s less than the
minimum threshold;

communicating a sleep command over the wireless com-
munications channel;

placing the portable wireless device 1 a sleep mode
responsive to the sleep command; and

after approximately the average duration of fade, placing
the portable wireless device 1n a normal made of
operation.

10. The method of claim 9 wherein the average duration
of fade 1s given by the following formula:

exp(p?) - 1

pfaN2r

T =

where 1 1s the maximum Doppler frequency of the
received signal, and p 1s the normalized local rms
amplitude of a Rayleigh fading envelope of the
received signal.

11. The method of claim 9 wherein the portable wireless
device communicates over a wireless communications chan-
nel to a second wireless device, and wherein sampling a
received signal comprises sampling a signal transmitted over
the wireless commumnications channel and received by the
second wireless device.

12. A system for controlling operation of a portable
wireless device that communicates over a wireless commu-
nications channel comprising:

a power control component adapted to receive a signal
communicated over a wireless communications chan-
nel, the power control component operable

to set a tlag value that 1s equal to a minimum threshold
value for a received signal plus a margin value,

to detect a fade condition of the received signal by
detecting whether the received signal is less than the
flag value,

and from this detected fade condition to generate an
avenge duration of fade value, and the component
turther operable responsive to detecting the fade
condition to transmit a sleep mode command over
the wireless communications channel; and

a portable wireless device, including a processor, and a
wireless mterface coupled to the processor and oper-
able 1n a normal mode to communicate signals over
a wireless communications channel, and the wireless
interface being adapted to receirve the sleep com-
mand communicated over the wireless communica-
tions channel and operable 1 a sleep mode for
approximately an average duration of a fade condi-
tion 1n response to the sleep command.

13. The portable wireless device of claim 12 wherein the
wireless interface 1s adapted to receive a power-up com-
mand communicated over the wireless communication
channel and 1s operable responsive to the power-up com-
mand to terminate operation in the sleep mode and com-
mence operation in the normal mode.
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14. The portable wireless device of claim 12 further
comprising:

an 1mput device coupled to the processor;

an output device coupled to the processor; and

a memory coupled to the processor.

15. A power control component adapted to receive a
signal communicated over a wireless communications chan-
nel,

the power control component operable

to set a flat value that i1s equal to a mimmum threshold
value for a received signal plus a margin value,

to detect a fade condition of the received signal by
detecting whether the received signal 1s less than the
flag value,

and from this detected fade condition to generate an
average duration of fade value, and the component
turther operable responsive to detecting the fade
condition to transmit a sleep mode command over
the wireless communications channel, the sleep com-
mand contaimng information to cause a device
recerving the command to enter a sleep mode of
operation for approximately the average duration of
fade.

16. The power control component of claim 15 wherein the
power control component detects a fade condition of the
received signal by determining an rms value and a minimum
threshold value of the received signal, and determining an
average duration of fade using the rms and minimum
threshold values.

17. The power control component of claim 16 wherein the
power control component 1s further operable to transmit a
power-up command over the wireless communications
channel approximately the duration of fade after transmut-
ting the sleep mode command.

18. A wireless network device adapted to recerve a signal
over a wireless communications channel, the wireless net-
work device including,

a power control component operable

to set a flag value that 1s equal to a minimum threshold
value for a received signal plus a margin value,

to detect a fade condition of the received signal by
detecting whether the received signal 1s less than the
flat value, and

to calculate an average duration of the detected fade
condition,

the wireless network device being further operable

responsive to the power control component detecting a
fade condition of the received signal by detecting that
the received signal 1s less than the flag value, to
transmit a sleep mode command over the wireless
communications channel, the sleep mode command
including information indicating the average duration
of fade such that signals will not be communicated to
the device over the commumications channel for
approximately the average duration of fade.

19. The wireless network device of claim 18 wherein the
wireless network device 1s part of a wireless network having
a client-server architecture, and wherein the wireless net-
work device corresponds to a server system in the network
architecture.
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20. The wireless network device of claim 18 wherein the
power control component detects a fade condition of the
received signal by determining an rms value and the mini-
mum threshold value of the received signal, and determining
an average duration of fade using the rms and minimum
threshold values.

21. The wireless network device of claim 20 wherein the
power control component transmits the average duration of
fade along with the sleep mode command.

22. The wireless network device of claim 18 wherein the
wireless network device 1s further operable to transmit a
power-up command over the wireless communications
channel approximately the duration of fade alter transmitting
the sleep mode command.

23. A computer-readable medium containing instructions
for controlling a computer system to control the operation of
a device which communicates over a wireless communica-
tions channel by performing the operations of:

determining a parameter of a received signal communi-
cated over the wireless communications channel;

determining a minimum threshold value of the received
signal;

determining an average duration of fade using the param-
eter and the minimum threshold value;

detecting whether the received signal 1s less than the
minimum threshold value;

placing the device 1n a sleep mode for approximately the
average duration of fade in response to the received
signal being detected as less than the minimum thresh-
old value;

setting a tlag value that 1s equal to the minimum threshold
value plus a margin value;

detecting whether the received signal 1s less than the flag
value; and

placing at least one of the devices 1n a standby mode 1n

response to the received signal being detected as less
than the flat value.

24. The computer-readable medium of claim 23 wherein
determining a parameter of a received signal comprises
determining a root mean square value of the received signal.

25. The computer-readable medium of claim 24 wherein
the average duration of fade 1s given by the following
formula:

exp(p®) — 1

pfaN2m

T =

Where t 1s the maximum Doppler frequency of the
received signal, and p 1s the normalized local rms
amplitude of a Rayleigh fading envelope of the
received signal.
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